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overlapped both time periods. We excluded the
children in the second cohort. The results in the
first cohort have been already published in 2002
by Meisel et al.

Clinical data

Seven hundred ninety eight brain AVMs
were managed from 1985-1995 and 820 from
1996-2005. One hundred fifty seven and 179
children with pial AVM and, 151 and 231 vein
of galen malformations are included in each
period respectively. The distribution by age
groups is shown in table 1 and was not signifi-
cantly different among the cohorts. Table 2 de-
scribes the clinical presentations which again,
were not significantly different among both.
The number of asymptomatic AVMs was small
in both cohorts. Among both cohorts, 5.3% of
patients had multiple AVMs including cerebro-
facial arteriovenous metameric syndromes
(CAMS).

In the first cohort, a total of 499.8 patient-years
were generated, while 503.9 patient-years were
generated from the second cohort. During 1996-
2005, 283 adults were treated one or more times.

The referral pattern at our institution makes
morphological and even clinical follow-up diffi-
cult in many instances. Overall, follow-up in

Introduction

Management of brain AVMs at Bicêtre Hospi-
tal has not changed significantly during the last
20 years since our initial description of their an-
gioarchitecture and risk factors published in
1986. Our treatment strategy remains unchanged
and prioritizes clinical over morphological re-
sults. The degree of risk during the procedures as
well as the morbidity after treatment has been
carefully analyzed and similar treatment strate-
gies are employed for vein of Galen malforma-
tions, pediatric brain AVMs and spinal cord
AVMs. The price paid for complete embolization
is far from ideal and thus we introduced and de-
velopped partial targeted embolization. This type
of treatment is based on detailed angioarchitec-
ture anatomic knowledge and high-quality angio-
graphic images.These aspects, coupled to the clin-
ical information provide invaluable information
in the decision-making process. As such, many
patients are better without intervention when its
risk is high compared to their symptoms.

In our Series of 1618 Braina AVMs, we present
a comparison of two cohorts of patients treated
during different time periods and analyze our
clinical results. The morbidity and mortality for
patients treated during 1985-1995 and from 1996-
2005 is presented. For purposes of this presenta-
tion, we have excluded patients whose treatment
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children (309 from 1985-1995 and 410 from
1996-2005) was easier due to relationship es-
tablished between their families and our team.

Morphological Results

The rate of complete exclusion of the AVMs
was similar for both cohorts. In the first cohort, the
rate of exclusion achieved in children was higher
than for other age groups (41% in single-hole pial
fistulas and over 50% in vein of Galen malforma-
tions).The overall rate of finished treatment in the

first group was 45% while in the second group it
was 32%. Patients in the second cohorts are only
adults and many of them are still under active
treatment.

Perioperative Morbidity and Mortality

Regarding these issues, no significant differ-
ences were found in both cohorts. Some trends
need to be high-lighted: symptomatic hemor-
rhages occurred similarly in both groups
(2.47% vs. 2.8%), and one-half of treatment-re-

age (years) 0-15(*) 16-30 31-50 51-90 total of adults mean of age
in adults (y)

1985-1995 157**(151*) 185 215 90 490 36,6

1996-2005 179**(231*) 178 159 73 410 36,11

* Vein of Galen. In the mean time vein of Galen malformations were also taken in charge. During the first period, 798 intracranial
intradural  AVMs were included, versus 820 during the second period (half of which being pediatric cases).
** Pial AVMs.

Table 1 Age Groups in Adults
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lated hemorrhages were not symptomatic and
seemed to be related to ruptured feeding ves-
sels or nidus per procedure. Persistent symp-
toms were fewer in the second cohort (2.47%
vs. 3.7%, p=0.33).

In two patients, follow-up Karnovsky grades
of 70 or less were found but one of them had a
Karnovsky of 40 at admission. Hemorrhage re-
sulted in two deaths but peri-operative mortal-
ity was about 1%.

One patient died after thrombolysis needed
for an arterial embolus.

Transient deficits not associated with hemor-

rhages were fewer in the second cohort (3.54%
vs. 5.3%, p=0.25).

Permanent deficits, regardless of the pres-
ence of hemorrhages with Karnovsky grades
below 70 occurred in 1.41% of patients in the
second cohort.

Hemorrhages after Embolization

Five patients in the Second cohort had recurrent
bleeds resulting in two deaths. One patient that
died, presented with malignant arterial hyperten-

1996-2005 in Adults
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1985-1995

36%

31%

15%

0%

11%
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haemorrhage
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focal neurological

deficit 

cognitive/mental
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others

asymptomatic

Table 2 Clinical Presentation 
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Table 3 Managment of AVM

embolization embolizationconsultation angiography without including totalonly only morphologic FU morphologic FU

1985-1995 143 69 124 326 662

1996-2005 75 52 72 212 411(only adults)

* FU: Follow-up

patients patient-years

1985-1995 450 499.8

1996-2005 283 503.9

1996-2005-Embolization (not followed by any 253 353.3
radiosurgery nor surgery)

– 503.9 patient-years for 283 treated patients during 1996-2005 (27 embolisations were followed by radiosurgery, 3 by surgery).
– 353.3 patient-years for 253 treated patients by embolization (not followed by any radiosurgery nor surgery)
during 1996-2005.

– 499.8 patient-years for 450 treated patients during 1985-1995.

Table 4 Patients treated by Embolization and  Follow-up (patients-years)

sion. The other patient that died, had received ra-
diation therapy two years previously. One patient
had a Karnosvky of 70 (same as admission). Only
one of the patients with recurrent bleeds was felt

to be curable and still under treatment; his last
Karnovsky was 80. In most patients with recurrent
bleeds, we believe that their AVMs were incurable
based on their size and location. With a larger
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1985-1995 (nb/%) 1996-2005 (nb/%)
n=450 n=283

Early Hemorrhage na 15/5.3

Symptomatic Hemorrhage 13/2.8 7/2.47

Severe (karnovsky<=70) Symptomatic Hemorrhage na 2/0.71

Non Hemorrhagic Transitory Symptom 24/5.3 10/3.54

Non Hemorrhagic Persistent Symptom 17/3.7 6/2.12

Global (Hemorrhagic or not) Persistent Symptom na 16/5.65

Severe (Karnovsky<=70) Global Persistent Symptom na 4/1.41

Cases of Death 5/1.1 3/1.06 (including
2 hemorrhages)

Table 5 Perioperative Morbi-mortality

Table 6 Perioperative Symptomatic Intracranial Hemorrhage

patients age Kpre n° E ETE-H(d) FU (m) hemorrhage consequences Kfu Morphologic
Results(%)

p.1 61 50 2 0,5 6 0 100

p.2 32 40 3 3 5 0 70

p.3 55 90 2 4 7 hemiplegia, “héminégligence” 60 70

p.4 44 40 6 0 60 motor deficit 60 50

p.5 50 80 7 15 84 80 90

p.6 33 90 5 1 21 coma/deficit 80 40

p.7 59 90 1 15 3 90 65

p.8 41 100 4 20 26 90 70

p.9 28 90 6 1 24 seizure 90 85

Kpre: Karnovsky at presentation. Kfu:Karnovsky follow-up. ETE-H(d):Elapsed-Time between Embolization and Hemorrhage (days).
FU(m): Follow-up (months).

Table 7 Perioperative Morbidity: Non Hemorragic Persistent Symptoms

Age Symptoms Kpre Kfu Deep AVM Size of AVM(cm)

p.a 56 Worsening Cerebellous syndrome 70 60 yes 3 to 6

p.b 36 Dysphasia 90 70 no <3

p.c 17 Worsening Epilepsy 80 80 no >6

p.d 36 Sensory-motor Deficit 90 90 no 3 to 6

p.e 56 Dysphasia 100 90 no 3 to 6

p.f 30 Worsening Sensory Deficit 90 90 yes 3 to 6
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amount of patient-years, the risk of recurrent hem-
orrhages decreased. The annual risk for recurrent
hemorrhages was 2.6% in the first cohort and

1.13% in the second. When patients were treated
by a combination of embolization, irradiation and
surgery when indicated, the annual re-bleed risk
was 0.99%.

Table 8 Intracranial Hemorrhage (ICH) after Embolization

1996-2005-Embolization (not
1985-1995 1996-2005* followed by any

radiosurgery or surgery)

Remote Hemorrhage 12 5 4

Total Embolized cases 450 283 253

Patient-years 499.8 503.9 353.3

Annual Risk of Hemorrhage 2.4 0.99 1.13

* only adults
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